Supplier selection is one of the most important multi-criteria decision-making (MCDM) problems for decision-makers in the competitive market. Today's organizations are seeking new ways to reduce the negative effects they have on the environment and to achieve a greener system. Currently, the concept of green supplier selection has gained great importance for its ability to incorporate environmental or green criteria into classical supplier selection practices. Therefore, in this study, a multi-phase MCDM model based on the best-worst method (BWM) and the interval type-2 fuzzy technique for order preference by similarity to ideal solution (IT2F TOPSIS) is proposed. A case study in a plastic injection molding facility in Turkey was carried out to show the applicability of the proposed integrated methodology. The paper offers insights into decision-making, methodology, and managerial implications. Results of the case study are examined and suggestions for future research are provided. awareness increases, an environmentally-friendly approach also becomes an inevitable element in supply chain management applications. Currently, final consumers also consider environmentally sensitive products in their procurement processes.
Introduction
Supply chain management (SCM) includes the creation of information and material flows, production scheduling, and the planning of distribution systems [1] . Adding value to supply chain management is crucial for today's businesses in order to improve organizational performance and provide a competitive advantage. This is necessary because competition no longer exists solely between institutions, but also in the area of SCM. SCM focuses not only on material resources but also on values such as knowledge. Information has become the most important source of SCM [2, 3] . SCM builds an integrated approach by analyzing manufacturers, warehouses, production, and suppliers. Thus, enterprises produce and distribute products at the appropriate time and in appropriate quantities. SCM implements an entire system approach while managing materials and services. Decision-makers attach importance to the management of internal operations in order to increase the productivity of the enterprises. SCM requires the integration of internal and external activities in enterprises. With increasing global competition, the quality and price gaps between products are closing every day. Therefore, supplier selection is one of the most important multi-criteria decision-making (MCDM) problems for enterprises [4, 5] . Choosing an appropriate supplier is one of the most important processes under the responsibility of the purchasing department. On the other hand, practices aimed at protecting the environment are gaining importance both in the private and public sectors. As environmental In light of the above, this paper aims to fill the gap in the literature for an integrated best-worst and IT2F TOPSIS methodology for green supplier selection in the plastic injection molding industry in Turkey.
Materials and Methods

The Evaluation Criteria for Green Supplier Selection
Within the context of green supplier selection, the recent review of [27] identified Environmental Management Systems (EMS) as the most popular environmental criteria due to its flexibility. Nielsen et al. [39] reviewed 57 related papers and, like Govindan et al. [27] , found EMS the most important and comprehensive environmental criteria amongst over 90 identified measures. Using these reviews and the identified criteria, a combination of conventional and green supplier selection criteria is used in our study for the purpose of supplier assessment. The criteria used in relevant literatures are listed in Table 1 . 
Best-Worst Method
The best-worst method (BWM) was introduced for the choice phase [29] . The BWM is characterized by some salient features such as (i) it provides a very structured pairwise comparison, which results in highly consistent and reliable results; (ii) it uses only two vectors instead of a full pairwise comparison matrix. This implies less data collection effort, taking less time from the analyst and the decision-maker. Interestingly, as these two vectors are more structured than a full matrix, less data here leads to more reliability; (iii) the method uses only integer values, which makes it more practically understandable compared to methods utilizing fractions [31] .
Step 1. Determine a set of decision criteria. In this step, we consider the criteria (c_1, c_2, . . . , c_n) that should be used to arrive at a decision.
Step 2. Determine the best (e.g., most desirable, most important) and the worst (e.g., least desirable, least important) criteria. In this step, the decision-maker identifies the best and the worst criteria in general. No comparison is made at this stage.
Step 3. Determine the preference of the best criterion over all the other criteria using a number between 1 and 9. The resulting Best-to-Others vector would be:
where a Bj indicates the preference of the best criterion B over criterion j. It is clear that a BB = 1.
Step 4. Determine the preference of all the criteria over the worst criterion using a number between 1 and 9. The resulting Others-to-Worst vector would be
where a jW indicates the preference of the criterion j over the worst criterion W. It is clear that a WW = 1.
Step 5. Find the optimal weights (w * 1 , w * 2 , . . . , w * n ). The optimal weight for the criteria is the one where, for each pair of w B /w j and w j /w w we have w B /w j = a jw . To satisfy these for all j, we should find a solution where the maximum absolute differences w B w j − a Bj and w j w W − a jW for all j is minimized. Considering the non-negativity and sum condition for the weights, the following problem is resulted:
Problem can be transferred to the following problem: ξ
Solving problem, the optimal weights (w * 1 , w * 2 , . . . , w * n ) and ξ * are calculated. After that consistency ratio is calculated with consistency index ( Table 2 ). It becomes clear that, the bigger the ξ * , the higher the consistency ratio, and the less reliable the comparisons become. 
IT2F TOPSIS
TOPSIS approach aims to choose alternatives that simultaneously have the shortest distance from the positive ideal solution and the farthest distance from the negative-ideal solution [62] [63] [64] . IT2F TOPSIS, [65] Pythagorean fuzzy TOPSIS [66] . Ak and Gul [67] are developed as different versions of TOPSIS based on fuzzy sets. TOPSIS based on IT2FSs reflects uncertainty, vagueness, and ambiguity using advantages of IT2FSs [65, [68] [69] [70] [71] [72] better than ordinary fuzzy TOPSIS. The proposed TOPSIS based on IT2FSs can be applied via a series of steps:
Step 1: Assume that there is a set S of alternatives, where S = {s 1 , s 2 , . . . , s n }, and assume that there is a set C of criteria, C = {c 1 , c 2 , . . . , c m } and there are K decision-makers D = {D 1 , D 2 , . . . , D K } Each decision-maker is a participant in our questionnaire and s/he has her/his own perception value regarding the performance of supplier with respect to each criterion. The aggregate performance value of supplier with respect to each criterion can be calculated using Equation (1):
where
Step 2: Obtain the weighting matrix W s of the criteria using the best-worst method,
Step 3: Calculate the weighted decision matrix by multiplying the importance weights of criteria and the values in the decision matrix. The weighted decision matrix V for each criterion is defined as follows:
where v ij denotes the weighted trapezoidal interval type-2 fuzzy numbers.
Step 4: Calculate the ranking value Rank v ij of IT2FSs. The ranking weighted decision matrix E w is constructed.
Step 5: Determine the positive ideal solution x * = v * 1 , v * 2 , . . . , v * m and the negative-ideal solution
Then, positive d * (x j ) and negative d − (x j ) ideal solutions are determined for green supplier as follows: The ranking value Rank( A i ) of the trapezoidal IT2FS A i is defined as follows: 
Step 6: Then the closeness coefficient CC(x j ) is calculated.
Step 7: We can rank alternatives in decreasing order. The larger the value of CC(x j ), the higher the preference of the green supplier.
Case Study
Injection molding is one of the most common methods in plastic parts production. With this method, complex geometric products can be produced easily. Molding machine, raw plastic material and mold of the product to be produced are required for the production by injection molding. The raw material used in this production method is directly related to the quality of the product. In this respect, supplier choice plays an important role in the success of the operator. The injection molding method consists of four main stages as demonstrated in Figure 1 . These stages are drying, blending and dosing, injection molding and regrinding, respectively. In the drying stage, the material (plastic beads and the reusable scrap) is fed into the dryer, to remove or reduce moisture to an acceptable level. In the second stage, material is further mixed with the additives. In the third stage, the injection molding process takes place, wherein the plastic mixture is melted and converted into a solid part. In the final stage, runner, gates, and any other unwanted plastic which is attached to the part, is removed and ground into appropriate granules [73] . In this study, we carried out the case study in an injection molding facility in Turkey.
The ranking value 
the standard deviation of the elements
3, , , and 1 .
Step 6: Then the closeness coefficient
Step 7: We can rank alternatives in decreasing order. The larger the value of ( ) j CC x , the higher the preference of the green supplier.
Injection molding is one of the most common methods in plastic parts production. With this method, complex geometric products can be produced easily. Molding machine, raw plastic material and mold of the product to be produced are required for the production by injection molding. The raw material used in this production method is directly related to the quality of the product. In this respect, supplier choice plays an important role in the success of the operator. The injection molding method consists of four main stages as demonstrated in Figure 1 . These stages are drying, blending and dosing, injection molding and regrinding, respectively. In the drying stage, the material (plastic beads and the reusable scrap) is fed into the dryer, to remove or reduce moisture to an acceptable level. In the second stage, material is further mixed with the additives. In the third stage, the injection molding process takes place, wherein the plastic mixture is melted and converted into a solid part. In the final stage, runner, gates, and any other unwanted plastic which is attached to the part, is removed and ground into appropriate granules [73] . In this study, we carried out the case study in an injection molding facility in Turkey. 
The Calculation Process of the Proposed Model
In this paper, we applied the BWM to obtain importance weights of the green criteria for supplier selection in injection molding. This method is based on comparison matrices as in AHP [29] . It requires less pairwise comparison data compared to AHP. In applying the proposed model, five experts evaluated the predefined green criteria. Expert 1 works as the manager of the facility and has 10 years of experience. Expert 2 is a five year experienced chemical engineer. He is also responsible for quality control of the facility. Expert 3 serves as a machine technician. The responsibility of the Expert 3 is to determine the raw material ratios and connect the molds to the machines. Expert 4 is a machine technician, too and has the same duties as Expert 3. Expert 5 works as a purchasing manager in the facility. He works in coordination with the company manager for the determination of appropriate suppliers. The first process in the proposed model is application of BWM to obtain weights of green supplier selection criteria. As an example, to the calculation of the main criteria with respect to Expert 1, the following formulae is presented:
Then, the BWM procedure is applied for each sub-criterion according to the five experts. Results of all calculations are presented in Table 3 . The importance weights of green criteria are then used in evaluating suppliers by IT2F TOPSIS procedure. On the other hand, the calculated consistency ratios with respect to the experts are presented in Table 4 . w1, w2, w3, w4, w5, w6, w7 and w8 are found as 0.100, 0.035, 0.205, 0.170, 0.135, 0.285, 0.035 and 0.035, respectively. We calculated the consistency ratios using ξ and the corresponding consistency index in Table 2 by Equation (9). For example, the consistency ratio for main criteria with respect to Expert 1 is calculated as ξ/3.73 = 0.307 which implies a very good consistency. The second process is concerned with IT2F TOPSIS application for suppliers. The suppliers are named as Supplier 1, Supplier 2 and Supplier 3. Supplier 1 is a local company. Compared to the other two companies, its production volume and transportation network is limited. Supplier 2 has a strong sales figure and its transportation network throughout the country is wide. This company makes production according to national and international quality standards. Supplier 3 is a global company. Technological levels are higher than the two other companies. Its number of defective products is relatively low, and its production volume is high. On the other hand, raw material prices are higher than the other two firms.
In this second process, the aggregated IT2F evaluation matrix for green supplier evaluation is obtained and it is shown in Table 5 . Then, the weighted evaluation matrix is calculated multiplying the importance weights of green criteria and the aggregated IT2F evaluation matrix. The weighted evaluation matrix is presented in Table 6 . Here, the importance weights of green criteria which are obtained from BWM are used as inputs of IT2F TOPSIS. Then, the ranking values for each green criterion with respect to three suppliers are calculated. The results are presented in Table 7 . Table 5 . The aggregated evaluation matrix. ((0.4;0.6;0.6;0.8;1;1),(0.5;0.6;0.6;0.7;0.9;0.9)) ((0.8;0.95;0.95;1;1;1),(0.88;0.95;0.95;0.98;0.9;0.9)) ((0.7;0.9;0.9;1;1;1),(0.8;0.9;0.9;0.95;0.9;0.9)) C42 ((0.3;0.5;0.5;0.7;1;1),(0.4;0.5;0.5;0.6;0.9;0.9)) ((0.5;0.7;0.7;0.9;1;1),(0.6;0.7;0.7;0.8;0.9;0.9)) ((0.6;0.8;0.8;0.95;1;1),(0.7;0.8;0.8;0.88;0.9;0.9)) C44 ((0.3;0.5;0.5;0.7;1;1),(0.4;0.5;0.5;0.6;0.9;0.9)) ((0.2;0.4;0.4;0.6;1;1),(0.3;0.4;0.4;0.5;0.9;0.9)) ((0.5;0.7;0.7;0.9;1;1),(0.6;0.7;0.7;0.8;0.9;0.9)) C5
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( C1 C11 ((0;0;0;0.01;1;1),(0;0;0;0;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) C12
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C13
((0;0.01;0.01;0.02;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.02;0.02;0.03;1;1),(0.02;0.02;0.02;0.02;0.9;0.9)) ((0.02;0.02;0.02;0.03;1;1),(0.02;0.02;0.02;0.03;0.9;0.9)) C14
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) C15
((0;0.01;0.01;0.01;1;1),(0;0.01;0.01;0.01;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) C16 ((0.01;0.01;0.01;0.02;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.02;0.02;0.03;1;1),(0.02;0.02;0.02;0.02;0.9;0.9)) ((0.02;0.02;0.02;0.03;1;1),(0.02;0.02;0.02;0.02;0.9;0.9)) C17
((0;0.01;0.01;0.01;1;1),(0;0.01;0.01;0.01;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.02;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) C2 C21
((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.02;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.02;0.02;0.02;0.02;1;1),(0.02;0.02;0.02;0.02;0.9;0.9)) C22
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) C23
((0;0.01;0.01;0.01;1;1),(0;0.01;0.01;0.01;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0;0.9;0.9)) C24
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C25
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C26
((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) C3 C31
((0.02;0.03;0.03;0.05;1;1),(0.02;0.03;0.03;0.04;0.9;0.9)) ((0.03;0.05;0.05;0.06;1;1),(0.04;0.05;0.05;0.06;0.9;0.9)) ((0.06;0.07;0.07;0.08;1;1),(0.06;0.07;0.07;0.07;0.9;0.9)) C33 ((0;0.01;0.01;0.02;1;1),(0.01;0.01;0.01;0.02;0.9;0.9)) ((0.02;0.03;0.03;0.03;1;1),(0.02;0.03;0.03;0.03;0.9;0.9)) ((0.03;0.04;0.04;0.04;1;1),(0.03;0.04;0.04;0.04;0.9;0.9)) C34 ((0.01;0.02;0.02;0.03;1;1),(0.02;0.02;0.02;0.03;0.9;0.9)) ((0.02;0.03;0.03;0.04;1;1),(0.03;0.03;0.03;0.04;0.9;0.9)) ((0.03;0.04;0.04;0.05;1;1),(0.03;0.04;0.04;0.04;0.9;0.9)) C35 ((0;0.01;0.01;0.01;1;1),(0;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) C4 C41
((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) C42 ((0.01;0.02;0.02;0.03;1;1),(0.02;0.02;0.02;0.02;0.9;0.9)) ((0.02;0.03;0.03;0.04;1;1),(0.02;0.03;0.03;0.03;0.9;0.9)) ((0.02;0.03;0.03;0.04;1;1),(0.03;0.03;0.03;0.04;0.9;0.9)) C44 ((0.02;0.03;0.03;0.05;1;1),(0.03;0.03;0.03;0.04;0.9;0.9)) ((0.01;0.03;0.03;0.04;1;1),(0.02;0.03;0.03;0.03;0.9;0.9)) ((0.03;0.05;0.05;0.06;1;1),(0.04;0.05;0.05;0.05;0.9;0.9)) C5 C51
((0.02;0.02;0.02;0.03;1;1),(0.02;0.02;0.02;0.03;0.9;0.9)) ((0.02;0.03;0.03;0.04;1;1),(0.03;0.03;0.03;0.03;0.9;0.9)) ((0.01;0.02;0.02;0.02;1;1),(0.01;0.02;0.02;0.02;0.9;0.9)) C52 ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C54 ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C56 ((0.02;0.03;0.03;0.04;1;1),(0.02;0.03;0.03;0.03;0.9;0.9)) ((0.01;0.02;0.02;0.03;1;1),(0.01;0.02;0.02;0.02;0.9;0.9)) ((0;0.01;0.01;0.02;1;1),(0.01;0.01;0.01;0.02;0.9;0.9)) C57 ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C58 ((0;0;0;0.01;1;1),(0;0;0;0;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) C59 ((0.01;0.02;0.02;0.03;1;1),(0.01;0.02;0.02;0.02;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) C6 C61
((0;0.01;0.01;0.02;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.02;1;1),(0.01;0.01;0.01;0.02;0.9;0.9)) ((0.01;0.02;0.02;0.03;1;1),(0.01;0.02;0.02;0.02;0.9;0.9)) C62 ((0.02;0.03;0.03;0.04;1;1),(0.02;0.03;0.03;0.03;0.9;0.9)) ((0.03;0.04;0.04;0.05;1;1),(0.03;0.04;0.04;0.04;0.9;0.9)) ((0.03;0.05;0.05;0.05;1;1),(0.04;0.05;0.05;0.05;0.9;0.9)) C63 ((0;0;0;0.01;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0;0.01;0.01;0.01;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) C72
((0;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0;0.01;0.01;0.01;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) C73
((0;0;0;0.01;1;1),(0;0;0;0;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) C74
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0;0.01;0.01;0.01;0.9;0.9)) C75
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C76
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C77
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0;0.01;0.01;0.01;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) C8 C81
((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C82 ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C83 ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) C84 ((0.01;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) ((0;0;0;0.01;1;1),(0;0;0;0.01;0.9;0.9)) C85 ((0;0;0;0.01;1;1),(0;0;0;0;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0;0.01;0.01;0.01;0.9;0.9)) ((0;0.01;0.01;0.01;1;1),(0.01;0.01;0.01;0.01;0.9;0.9)) C86 ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) ((0;0;0;0;1;1),(0;0;0;0;0.9;0.9)) Hereafter, the positive ideal and negative ideal solutions are calculated for green suppliers. The closeness coefficient for each green supplier is computed and rankings are determined in decreasing order (Table 8 ). In IT2F TOPSIS, the larger the value of closeness coefficient, the higher the preference of the green supplier. We determined the greenest supplier as Supplier 3 based on five expert evaluations using the proposed BWM and IT2F TOPSIS model. 
The Comparative Analysis
The proposed approach is compared with a benchmarking model to validate its effectiveness. This benchmarking model concerns with IT2F VIKOR. For both approaches, the importance weights of green supplier selection criteria are obtained from BWM. In the second phase of the model, both are applied to rank suppliers. Results of final scores and ranking orders of suppliers in this new benchmarking model are given in Table 9 . According to Table 9 , ranking orders of three suppliers remain the same with our proposed model (integrated BWM and IT2F TOPSIS) when maximum group utility value (v) is set to 0.5 or higher than 0.5. This result demonstrates that the proposed approach yields reasonable results and presents suitable outcomes to decision-making in green supplier selection. Table 9 . Q values and rankings for each supplier in terms of v value change.
Maximum Group Utility
Value (v) in VIKOR Q Value Rank weighted criteria, an IT2F TOPSIS method is used. Moreover, a comparative study between the proposed approach and BWM-IT2F VIKOR is provided to validate effectiveness of the proposed approach. This study is considered as the first attempt in the literature that integrates BWM and IT2F TOPSIS. BWM is preferred in weighting the selection criteria since it is more efficient and easier for pairwise comparisons versus Analytic Hierarchy Process. Use of TOPSIS method extended with IT2FSs enables reflecting more uncertainty and ambiguity in the decision-making process as well as including a concept of similarity to ideal solution. The proposed multi-phase approach is applied to the green supplier selection process in a plastic injection molding facility in Turkey. The proposed approach with its case study has also some limitations. First concerns the integrated methodology.
This study proposes an incorporation of BWM and IT2F TOPSIS for green supplier selection. However, other MCDM methods like VIKOR, PROMETHEE and Elimination Et Choix Traduisant la Realité (ELECTRE) can also be used for this study. Moreover, different versions of fuzzy set theory that have recently been popular, such as Pythagorean fuzzy sets, hesitant fuzzy sets and intuitionistic fuzzy sets, can also be applied to our case study. Secondly, in this study the case study in a single facility has been taken. Therefore, the proposed approach can be adapted from this facility or industry to another one. Future attempts can include the following: (1) A comparative framework can be developed that can highlight the optimal method in selection of green suppliers. (2) A broader and multi-facility data can be used in the problem.
